I. INTRODUCTION
Although the diamond anvil cell (DAC) has by now played a prominent role in the field of high pressure physics and is used in a wide spectrum of experiments ranging from x-ray diffraction, Raman scattering to infrared absorption, the DAC has seldom been used low temperature electrical measurements at high The technique we describe in this paper allows 4-probe electrical measurements to be performed in a DAC at liquid helium temperature at pressures up to 48 GPa. At present the highest pressure achievable with our DAC is limited by the size of our diamond anvils. From the known properties of the materials used in our cell we expect the technique to be ~seful even at several megabars of pressure.
Although other techniques have been developed to perform high pressure electrical measurements at low temperatures using 3,4 sintered diamond anvils the use of transparent anvils in the DAC affords many advantages. The diamond anvils allow: 1) use of the ruby fluo~escence method for pressure determination. By the use of small ruby chips immediately adjacent to the sample, the pressure can be measured in situ at low temperatures. This eliminates any systematic error resulting from assuming that the sample pressure does not change during the cooling of the cell.
For example we have found that the pressure in our cell may increase by as much as up to 6 GPa upon cooling.
2) The hardness of the diamond extends the potential operating range of this technique into the megabar range.
3)
Electro-optical 2 . .
. . experiments such as high pressure photoconductivity are possible. 4) Since the pressure of the cell is always changed at room temperature, the small size of the OAC allows rapid cycling between room temperature and low temperature. sample resulting in larg~ pressure inhomogeneity.
III. EXPERIMENTAL PROCEDURE
For cryogenic experiments, the DAC is mounted in a copper To measure the superconducting transition temperature of the sample, the cell is cooled and warmed over a temperature (T) range spanning the transition at a slow enough rate that the R vs T curves on cooling and warming show no hysterisis.
The cell is always warmed to room temperature before the pressure is changed.
IV. RESULTS
A. E!essu~ li~~eneity
The use of a soft powder to transmit the pressure to the sample raised the question as to how hydrostatic and homogeneous is the pressure. One would expect that the softer the powder, the more homogeneous (and presumably more hydrostatic also) is the pressure. This correlation is demonstrated in Fig. 2 GPa respectively as fixed points to calibrate his Pb manometer.
He assumed that the pressure in his cell remained unchanged when it was cooled down to low temperatures ·to determine the T of Pb.
c Thus the lead superconducting manometer has never been directly calibrated against the ruby scale.
Our data for T of lead vs pressure, where the pressure was c determined by measuring the RFS at low temperatures is shown in Fig. 3 , together with Wittig's result. For a given T , we obtain c consistently a higher pressure than Wittig's.
We believe that this difference is due to Wittig's assumption that the cell pressure does not change upon cooling from room temperature to liquid He temperatures.
(ii) GaP
The insulator to metal transition in GaP has been determined 13 optically by Piermarini and Block to occur at 22 GPa. This is generally believed to be a first order phase transition accompanied by a large change in volume. By monitoring the resistance of an undoped, single crystalline sample of GaP we have found that the sample resistance began to drop sharply at 18.5 GPa.
The transition was sluggish with a time constant of several minutes. After the sharp onset the resistance continued to decrease with pressure over a range of 2 -3 GPa. In the conducting phase, the T of GaP was found to be almost pressure c 9 independent, increasing only slightly from 3.5 to 4 K as the 14 pressure is increased to 48 GPa. We have performed the f vs P measurement on single crystals c of Si from two different sources.
On sample is n-type lightly 14 -3 doped with 3x10 cm of phosphorous, while the other is p-type 19 -3 heavily doped with 6xl0 cm of boron. We found no difference in the pressure dependence of their T so only the result from c the lightly doped sample will be presented.
In Si we found that R did not always decrease smoothly to zero as the sample is cooled below T. For pressure below 30 GPa c the transition to the superconducting state was typically quite sharp (width of transition is about 0.1 K) so T can be c determined rather precisely. However at P between 35 and 42 GPa, the R versus T curves typically showed steps and these structures changed with pressure. Figure 4(a) shows examples of this.
These results can be explained either by the fact that the pressure gradient over the sample was changing or that T is not c changing with pressure monotonically anymore.
From the RFS we conclude that the pressure gradient was not changing so we have interpreted the structures in R(T) as due to strong variations in T with P. c To determine the pressure dependence of T from the c experimental R(T) curves for P> 35 GPa we have developed the following model. In this model we assume that the sample is at a uniform temperature, but has a pressure (P) that varies only along its length given by some function P(x)=P + L'lP(x), where ave P is the mean pressure, L' lP is the pressure deviation from the ave mean, and x is some normalized position along the sample length (i.e. the sample is assumed to lie between x=O and 1). Since T c is a function of pressure, T also varies along the length of the c sample as T (x)= T [P(x)].
We assume that the sample is of where Sex) is the step function defined by e(x>O)=l and 8(x<O)=0. R i s the low temperature resistance of the sample when the 0 entire sample is normal. Thus for a given function of P vs x and of T vs P, we can obtain the T vs x curve.
From the T vs x c c c curve the resistance R of the sample at a given temperature T is equal to the sum of those lengths of the sample whose T is below -c T.
The above procedure for obtaining the R(T) curve from the T c vs P and P vs x curves is shown schematically in Fig.s 5(a)-(d) .
The reverse procedure of determining T vs P from the c experimental R vs T curves is unfortunately not unique.
However in the case of Si we found that the reverse process could yield a unique T v~ P curve provided the pressure distribution function c ~P(x) did not change with pressure.
To obtain this distribution function ~P(x) we make use of the fact that for P < 30 GPa T is linear with P. Using the ~P(x) vs x curve in the inset of Fig. 4(b) and Eq.
1 we constructed the T vs P curve shown in Fig. 7 from the c experimental R(T) curves.
As R(T) started to change its shape above 30 GPa, the T for the higher pressure points are adjusted Arbitrary units are used for T and P. . 24 ><
